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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the efficiency of a 
DC/DC converter and reduce its cost. 
SOLUTION: In a DC/DC converter, a DC power supply to a 
load is turned on and off by the switching operation of a MOS 
transistor Q1. The DC/DC converter has a detecting means 
R1 which detects whether the load 1 is large or small and a 
connecting means SW1 with which another MOS transistor 
Q2 is connected in parallel to the MOS transistor Q1 when 
the detecting means R1 detects that the load is large. 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a DC to DC converter, especially this invention relates to the 
technique of operating efficiently, even if the magnitude of the load current changes. 
[0002] 

[Description of the Prior Art] The DC to DC converter is used from the former. JP,9-140126,A is 
indicating the conventional example of this DC to DC converter. Drawing 4 shows the circuit of 
this conventional example, drawing 4 — setting — a DC to DC converter (in addition by JP,9- 
140 126, A, it considers as the switching regulator.) ~ an output circuit 20, the PWM control 
circuit 30, the output-control circuit 40, and switch SW5 from - it becomes. An output circuit 20 
consists of the power metal oxide silicon field effect transistors (let a "metal oxide silicon field 
effect transistor" be an "MOS transistor" hereafter.) (MOSFET) Ql 1 and Q12, diode D3, an 
inductance L3, resistance R3, a capacitor C5, C6, and drivers 21 and 22. In addition, a transistor 
Ql 1 is a large transistor of the permissible output current, and a transistor Q 12 is a small 
transistor of the permissible output current. 

[0003] A driver 21 drives a transistor Ql 1 and a driver 22 drives a transistor Q12. Transistors 
Ql 1 and Q12 carry out switching operation, and it connects with juxtaposition between the 
source drains of transistors Ql 1 and Q12. Inductance L3 And capacitor C6 It is an object for 
smooth. The power supply terminal 23 is connected to the source of transistors Ql 1 and Q12. 
Load resistance R6 is connected to the output terminal 24. The PWM control circuit 30 is an 
oscillator 31, the control logic 32, a comparator 33, the differential amplifier 34, reference 
voltage 35, resistance R4, and R5. And it consists of controllable offset voltage 36. 
[0004] The PWM control circuit 30 is a current mode-pulse width modulation (PWM) circuit 
which controls the duty cycle of drivers 21 and 22, in order to adjust the current which passes 
along resistance R3 so that the electrical potential difference of an output terminal 24 may 
become a desired value. The control logic 32 supplies the on-pulse of constant frequency to 
drivers 21 and 22 with an oscillator 31. By each on-pulse, drivers 21 and 22 turn ON transistors 
Ql 1 and Q12. In addition, inductance L3 When a comparator 33 shows that the level to which 
the flowing current was set by the differential amplifier 34 was reached, the control logic 32 
works so that TORAJISUTA Ql 1 and Q12 may be turned OFF. The output-control circuit 40 
consists of a comparator 41 and reference voltage 42. In order to make it operate efficiently, they 
are the output-control circuit 40 and a switch SW5. In a light load, a transistor Ql 1 does not 
operate, but a transistor Q12 operates, by heavy loading, a transistor Q12 does not operate but a 
transistor Ql 1 operates (when the current which flows resistance R3 is small). 
[0005] 

[Problem(s) to be Solved by the Invention] However, since big power MOS transistor Ql 1 is 
used and small power MOS transistor Q12 is not used when the load current is large, the load of 
capacity with which big power MOS transistor Ql 1 and small power MOS transistor Q12 were 
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combined is uncontrollable by the above-mentioned conventional example. For this reason, since 
small power MOS transistor Q12 became useless in order to control the load of a predetermined 
capacity, there was a fault that cost became high. Therefore, the technical problem of the 
invention in this application is offering the DC to DC converter with which the fault of the 
above-mentioned conventional example is abolished, it operates efficiently even if the load 
current's is large and it is small, and cost's becomes cheap. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, when 
said detection means detects detection being [ detect the size of said load in the DC to DC 
converter which turns on and off between a load and DC power supplies by the MOS transistor 
which carries out switching operation of the configuration of the 1st of invention of this 
application ] a means, and that said load is large, it is the DC to DC converter characterized by 
providing in juxtaposition the connecting means which connects other MOS transistors at said 
MOS transistor. 

[0007] Since a connecting means connects other MOS transistors to juxtaposition at the MOS 
transistor which turns on and off between a load and DC power supplies by switching operation 
when a detection means detects the size of a load and said detection means detects that said load 
is large by the configuration of invention of the above 1st, a DC to DC converter can be 
efficiently operated irrespective of the size of a load. 

[0008] Furthermore, in the DC to DC converter which turns on and off between a load and DC 
power supplies by the MOS transistor which carries out switching operation, the 2nd 
configuration of invention is a DC to DC converter characterized by providing in juxtaposition 
the connecting means which connects other MOS transistors at the MOS transistor which drives 
said MOS transistor, when said detection means detects detection being [ detect the size of said 
load ] a means, and that said load is large. 

[0009] Furthermore, since the MOS transistor of others [ MOS transistor / to which a connecting 
means drives said MOS transistor when said detection means detects that a detection means 
detects the size of a load in the DC to DC converter which turns on and off between a load and 
DC power supplies by the MOS transistor which carries out switching operation by the 
configuration of the 2nd invention, and said load is large / juxtaposition ] is connected, a DC to 
DC converter can be efficiently operated irrespective of the size of said load. 
[0010] 

[Embodiment of the Invention] Drawing 1 shows the circuit of the DC to DC converter 
concerning the gestalt of operation of the 1st of the invention in this application. It sets to 
drawing 1 and is power MOS transistor (p channel mold MOSFET) Ql to a serial between a 
power supply terminal 6 and an output terminal 7. Between source drains and inductance LI And 
resistance Rl It connects with a serial, DC-power- supply +VDD is connected between a power 
supply terminal 6 and a grounding point, and the load 1 is connected between the output terminal 
7 and the grounding point. Furthermore, power MOS transistor Q2 (p channel mold MOSFET) 
Between source drains is MOS transistor Ql. It connects with juxtaposition between source 
drains. MOS transistor Q3 (n channel mold MOSFET) The source is connected to a grounding 
point and a drain is MOS transistor Ql. It connects with the drain. Furthermore, MOS transistor 
Q4 (n channel mold MOSFET) Between source drains is MOS transistor Q3. It connects with 
juxtaposition between source drains. 

[001 1] The output terminal of the differential amplifier 2 is a switch SW1. Input terminal dl And 
switch SW2 Input terminal d2 It connects. The differential amplifier 2 is resistance Rl. Consider 
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the difference electrical potential difference of an electrical potential difference and offset 
voltage VS1 as an input, and when this difference electrical potential difference is below a 
predetermined value Connection condition which shows a switch SW1 as a continuous line And 
switch SW2 (in SW1, a terminal al and a terminal bl are connected) SW2 It is a terminal a2 
then. Terminal b2 When it changes into the condition of having connected and said difference 
electrical potential difference exceeds said predetermined value Switch SW1 And switch SW2 It 
changes into the connection condition (condition that the terminal al and the terminal cl were 
connected in SW1, and the terminal a2 and the terminal c2 were connected in SW2) shown by 
the dotted line. A control circuit 3 is drivers 4 and 5 and a switch SW1, and SW2. It contains. 
The output terminal of a driver 4 is MOS transistor Ql . The gate and switch SW1 Terminal cl 
Connecting, the output terminal of a driver 5 is MOS transistor Q3. The gate and switch SW2 
Terminal c2 It connects. Diode Dl A cathode is MOS transistor Ql . It connects with a drain and 
the anode is grounded. Capacitor Cl It connects between a power supply terminal 6 and a 
grounding point, and is a capacitor C2. It connects between the output terminal 7 and the 
grounding point. 

[0012] When a load 1 is below a predetermined value by the above configuration (at the time of 
a light load), it is resistance Rl . Since the voltage drop is small, it is a switch SW1 . And switch 
SW2 Connection is in the condition shown as a continuous line. For this reason, the driver 4 of a 
control circuit 3 is MOS transistor Ql. Driving the gate, a driver 5 is MOS transistor Q3. The 
gate is driven. In addition, it is MOS transistor Q2 at this time. It is a switch SW1 between the 
gate sources. A terminal al and bl It connects too hastily and is MOS transistor Q4. It is a switch 
SW2 between the gate sources. A terminal a2 and b2 It has connected too hastily. For this 
reason, it is power MOS transistor Ql at the time of a light load. The amount of charges of the 
gate (the amount of charge charges of the capacitance which exists in the gate) is MOS transistor 
Ql. MOS transistor Q2 Since it is fewer than the sum of the amount of charges of the gate, 
effectiveness can be gathered. In addition, MOS transistor Ql MOS transistor Q3 It drives by 
drivers 4 and 5 and becomes ON by turns. 

[0013] On the other hand, when a load exceeds a predetermined value (at the time of heavy 
loading), it is resistance Rl. Since the voltage drop is large, it is a switch SW1. And switch SW2 
Connection is in the condition shown by the dotted line. For this reason, MOS transistor Q2 
MOS transistor Ql It connects with juxtaposition and is MOS transistor Q4. MOS transistor Q3 
It connects with juxtaposition. For this reason, MOS transistor Ql and Q2 Since the on resistance 
of the doubled transistor becomes small, effectiveness becomes good. At this time, the driver 4 
of a control circuit 3 is MOS transistor Ql and Q2. Driving the gate, a driver 5 is MOS transistor 
Q3 and Q4. The gate is driven. In addition, power MOS transistor Ql and Q2 It is good also as 
an n channel mold power MOS transistor. In this case, n channel mold power MOS transistors 
Ql and Q2 The polarity of a gate input signal becomes the thing and reverse of a case of said p 
channel. 

[0014] Drawing 2 shows the circuit of the DC to DC converter concerning the gestalt of 
operation of the 2nd of the invention in this application. The gestalt of the 2nd operation is the 
modification of the gestalt of implementation of the above 1st. In drawing 2 , control circuit 3a 
controls driver 4a and driver 5a, driver 4a operates like the driver 4 of drawing 1 , and driver 5a 
operates like the driver 5 of drawing 1 . Differential-amplifier 2a and 2b replace the differential 
amplifier 2 of drawing 1 . Differential-amplifier 2a is resistance Rl. Differential-amplifier 2b 
operates by amplifying an electrical potential difference as a comparator which compares the 
output and reference voltage Vr of differential-amplifier 2a, and they are a switch SW1 and 
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SW2. It controls. Control circuit 3a receives a feedback signal from an output terminal 7, and 
controls Drivers 4a and 5a by Pulse Density Modulation (PWM) to maintain a load output at a 
- predetermined .value. -Others are-the.same as that of above-mentioned drawing 1 
[0015] It sets to drawing 2 as well as drawing 1 , and is MOS transistor Q2 at the time of heavy 
loading. MOS transistor Ql It connects with juxtaposition and is MOS transistor Q4. MOS 
transistor Q3 It connects with juxtaposition and is MOS transistor Ql at the time of a light load. 
MOS transistor Q3 It operates. For this reason, the circuit of drawing 2 has the same 
effectiveness as the circuit of drawing 1 . 

[0016] Drawing 3 shows the circuit of the DC to DC converter concerning the gestalt of the 3rd 
operation. It sets to drawing 3 and is power MOS transistor (p channel mold MOSFET) Q9 to a 
serial between a power supply terminal 17 and an output terminal 18. Between source drains and 
inductance L2 And resistance R2 It connects with a serial and the load 1 1 is connected between 
the output terminal 18 and the grounding point. In addition, DC power supply are connected to 
the power supply terminal 17 like said power supply terminal 6. 
[0017] A control circuit 13 is MOS transistor (p channel mold MOSFET) Q5, Q6, MOS 
transistor (n channel mold MOSFET) Q7, Q8, a switch SW3, and SW4. And it consists of drivers 
14, 15, and 16. MOS transistor Q6 Between source drains is MOS transistor Q9. It connects 
between the source gates and is MOS transistor Q5 further. Between source drains is MOS 
transistor Q6. It connects between source drains. A grounding point and said MOS transistor Q9 
Between the source drains of power MOS transistor (n channel mold MOSFET) Q10 is 
connected between drains. MOS transistor Q8 Between source drains is MOS transistor Q9. It 
connects between the gate and a grounding point and is MOS transistor Q7 further. Between 
source drains is MOS transistor Q8. It connects between source drains. 
[0018] The output terminal of a driver 14 is MOS transistor Q5. The gate and switch SW3 
Terminal c3 Connecting, the output terminal of a driver 15 is MOS transistor Q8. The gate and 
switch SW4 Terminal c4 It connects. Furthermore, the output terminal of a driver 16 is 
connected to the gate of MOS transistor Q10. The differential amplifier 12 is resistance R2. 
Considering the difference electrical potential difference of an electrical potential difference and 
offset voltage VS2 as an input, the output terminal of the differential amplifier 12 is a switch 
SW3. Input terminal d3 And SW4 Input terminal d4 It connects. With the differential amplifier 
12, when the electrical potential difference of resistance R2 </SUB> is below a predetermined 
value (at the time of a light load) A switch SW3 and the connection condition of SW4 are a 
condition (the terminal a3 and terminal b3 of SW3 are connected) shown as a continuous line. 
SW4 Terminal a4 Terminal b4 It will be in the condition of having connected and is resistance 
R2. When an electrical potential difference exceeds said predetermined value (at the time of 
heavy loading) A switch S W3 and the connection condition of SW4 will be in the condition 
(condition that the terminal a3 and terminal c3 of SW3 were connected, and the terminal a4 and 
terminal c4 of SW4 were connected) which shows by the dotted line. 
[0019] Diode D2 A cathode is MOS transistor Q9. It connects with a drain and the anode is 
grounded. Capacitor C3 It connects between a power supply terminal 17 and a grounding point, 
and is a capacitor C4. It connects between the output terminal 18 and the grounding point. In 
addition, also for a driver 16, the circuit linked, to the gate of power MOS transistor Q10 is power 
MOS transistor Q9. It may be the same as that of the circuit linked to the gate. Moreover, power 
MOS transistor Q10 is lost and it is good also as an asynchronous DC to DC converter. 
[0020] By the above configuration, it is resistance R2 at the time of a light load. Since an 
electrical potential difference is below a predetermined value, it is a switch SW3. MOS transistor 
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Q6 It is made not to operate and is a switch SW4. MOS transistor Q7 It is made not to operate. 
For this reason, a driver 14 is MOS transistor Q5. Driving, a driver 15 is MOS transistor Q8. It 
drives. For this reason, since drive loss of drivers 14 and 15 decreases, effectiveness increases. In 
addition, MOS transistor Q5 MOS transistor Q8 It operates as CMOS, becomes ON by turns, and 
is MOS transistor Q9 of the next step. It drives. A driver 16 drives MOS transistor Q10. 
[0021] On the other hand, it is resistance R2 at the time of heavy loading. Since an electrical 
potential difference exceeds a predetermined value, it is a switch SW3. MOS transistor Q6 MOS 
transistor Q5 It connects with juxtaposition and is a switch SW4. MOS transistor Q7 MOS 
transistor Q8 It connects with juxtaposition. For this reason, a driver 14 is MOS transistor Q5 
and Q6. Driving, a driver 15 is MOS transistor Q7 and Q8. It drives. MOS transistor Q5 and Q6 
MOS transistor Q7 and Q8 It operates as CMOS, becomes ON by turns, and is MOS transistor 
Q9 of the next step. It drives. For this reason, MOS transistor Q9 Since a switching rate becomes 
quick, it is MOS transistor Q9. Switching loss decreases. Consequently, effectiveness becomes 
good. In addition, a driver 16 drives MOS transistor Q10, and is MOS transistor Q9. MOS 
transistor Q10 serves as ON by turns. For this reason, a DC to DC converter can be efficiently 
operated irrespective of the size of a load. 
[0022] 

[Effect of the Invention] Since according to the DC to DC converter concerning invention of the 
1st of this application other power MOS transistors are connected to juxtaposition at the power 
MOS transistor which turns on and off between a load and DC power supplies by switching 
operation when a load is large, a DC to DC converter can be efficiently operated irrespective of 
the size of a load. Furthermore, since the capacity of the power MOS transistor to be used is used 
for the maximum and there is no useless power MOS transistor, cost becomes cheap. 
Furthermore, since according to the DC to DC converter of the 2nd invention other MOS 
transistors are connected to juxtaposition at the MOS transistor which drives the power MOS 
transistor which turns on and off between a load and DC power supplies by switching operation 
when a load is large, a DC to DC converter can be efficiently operated irrespective of the size of 
said load. Furthermore, since the capacity of the MOS transistor to be used is used for the 
maximum and there is no useless MOS transistor, cost becomes cheap. 



CLAIMS 



[Claim(s)] 

[Claim 1] The DC to DC converter characterized by providing the connecting means which 
connects other MOS transistors at juxtaposition at said MOS transistor in the DC to DC 
converter which turns on and off between a load and DC power supplies by the MOS transistor 
which carries out switching operation when said detection means detects detection being [ detect 
the size of said load ] a means, and that said load is large. 

[Claim 2] The DC to DC converter characterized by providing in juxtaposition the connecting 
means which connects other MOS transistors at the MOS transistor which drives said MOS 
transistor when said detection means detects detection being [ detect the size of said load ] a 
means, and that said load is large in the DC to DC converter which turns on and off between a 
load and DC power supplies by the MOS transistor which carries out switching operation. 
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